We conducted X-ray and neutron diffraction experiments and magnetic susceptibility measurements for -MnFe alloys with a small amount of Cu or Pt, and for -MnCu and -MnZn alloys. -(Mn 1Àx Fe x ) 0:95 Cu 0:05 alloy with x ¼ 0:26 around 10 K shows a face-centered orthorhombic structure with a ¼ 0:3681, b ¼ 0:3655 and c ¼ 0:3622 nm, and a non-collinear antiferromagnetic structure with a ¼ 0 and b = c ¼ 0:62. With increasing temperature, orthorhombic-tetragonal with c=a > 1 structural transition occurs at T o (¼ 125 K) and the tetragonal structure finally transforms to a cubic structure at T t (¼ 352 K), which is lower than the Néel temperature T N (¼ 440 K) . The -(Mn 1Àx Fe x ) 0:95 Pt 0:05 alloy with x ¼ 0:13 at 10 K also shows a similar structure with a ¼ 0:3745, b ¼ 0:3714 and c ¼ 0:3649 nm, which has a non-collinear antiferromagnetic structure with a ¼ 0, b ¼ 1:03 and c ¼ 1:94 b /(Mn or Fe) atom. The -Mn 1Àx Cu x alloy with x 0:26 and -Mn 1Àx Zn x alloy with x 0:28 show a tetragonal structure with c=a < 1 at low temperature.
Introduction
Pure -Mn having a face-centered cubic structure is stable only at high temperatures (1352-1416 K), and cannot be retained by quenching. The addition of a small amount of a substitutional element enables retention of the metastable -Mn phase at room temperature by quenching. Quenched -MnCu, [1] [2] [3] -MnFe doped with a small amount of Cu, 4) -MnZn 3) and -MnGe 3) alloys transforms from face-centered cubic structures [c] to tetragonal structures with c=a < 1 [t 1 ] below the Néel temperature. In some cases, -MnNi 5) and -MnIr, 6) distortion to a face-centered tetragonal structure with c=a > 1 [t 2 ] occurs. In -MnNi 7) and -MnAu 8) alloys, there is also a face-centered orthorhombic structure [o] addition to [t 1 ] and [t 2 ].
Jo and Hirai described theoretical phase diagrams and magnetic structures for various -Mn alloys based on Landau expansion of free energy. 9 ] around x ¼ 0:2 at low temperature. So, the present paper presents a more detailed investigation of -MnFe alloys with a small amount of Cu or Pt, -MnCu and -MnZn alloys which have enough extent of wide composition range. The results of magnetic susceptibility, X-ray and neutron diffraction experiments for these alloys are also reported.
Sample Preparation and Experimental Procedure
Since binary -MnFe alloys are stable only at high temperatures, and cannot be retained by quenching to room temperature, we prepared the alloys with a small amount of Cu or Pt to enable quenching: -(Mn 1Àx Fe x ) 0:95 Cu 0:05 and -(Mn 1Àx Fe x ) 0:95 Pt 0:05 . The starting elements were 99.9% purity Cu, Pt, Zn and electrolytic Fe and Mn. The samples except -MnZn alloys were prepared by melting the elements using an argon arc furnace. The ingot was sealed in an evacuated quartz tube with argon gas at 2 Â 10 4 Pa, annealed at 1173 or 1273 K for more than 2 days, and quenched in cold water.
The samples of -MnZn alloys cannot be prepared by melting, because the vapor pressure of Zn becomes very high at high temperature. Therefore, they were prepared by the following sintering method. Pure Zn and powdered Mn were sealed in an evacuated quartz tube, annealed at 673 K (-MnZn phase 18) ) for 24 hours after annealing at 1073 K for 48 hours, and quenched in water. The powder sample was prepared by crushing the irregular ingot using an agate mortar, and pressed at a pressure of around 60 MPa using a steel piston and cylinder of 10 mm inner diameter. The cylindrically shaped sample was sealed in an evacuated quartz tube, annealed at 1073 K for 4 days and quenched in cold water.
The powder sample for X-ray and neutron diffraction experiments was prepared by filing the ingot. To remove the stress caused by filing, the powder sample was re-annealed for 2 hours at a temperature at which the -Mn phase was stable in each alloy system. X-ray diffraction experiments were conducted using conventional diffractometer with Fe K radiation. Temperature dependence of the lattice constants between 15 K and 500 K was determined using a cryogen camera. Neutron diffraction experiments were conducted using the HRPD (wave length ¼ 0:1823 nm) installed at JRR-3M reactor in JAERI. Lattice constants were obtained by least squares using observed Bragg angles of Xray and neutron diffraction data. The intensities of the nuclear and the magnetic lines were calculated from the following scattering lengths and the magnetic form factors: b Mn ¼ À3:73, b Fe ¼ 9:54, b Cu ¼ 7:72 and b Pt ¼ 9:63 fm 19) and neutral Mn and Fe atom. 20) Magnetic susceptibility was measured by the Faraday method using a magnetic balance. Figure 1 shows the results for this alloy. The tetragonal structure [t 1 ] is transformed to [c] above T t (¼ 450 K). We also observed an anomaly around T t in the magnetic susceptibility versus temperature T curve, and defined T t as the Néel temperature T N .
Results and Discussions
The Figure 4 shows the temperature dependence of the lattice constants for this alloy. As seen from Fig. 4 , the crystal distortion also occurs from [t 2 ] to [c] at T t (¼ 263 K), which is lower than the Néel temperature T N (¼ 440 K) determined from the temperature dependence of magnetic susceptibility. On the other hand, the -(Mn 1Àx Fe x ) 0:95 Cu 0:05 alloy with x ¼ 0:32 have the cubic lattice down to 15 K. A phase diagram determined similarly for the -(Mn 1Àx Fe x ) 0:95 Cu 0:05 alloys with 0:18 x 0:34 is shown in Fig. 5 . Figure 6 shows the neutron diffraction pattern for the -(Mn 1Àx Fe x ) 0:95 Cu 0:05 alloy with x ¼ 0:26 at 10 K obtained by HRPD. It is remarkable that the 011 line is absent in the pattern. We could easily obtain a ¼ 0. 7, 10, [13] [14] [15] [16] [17] and are consistent with the theory proposed by Jo and Hirai 9) except for a ¼ 0.
-MnCu and -MnZn alloys
The -Mn 1Àx Cu x alloy with x ¼ 0:24 shows [t 1 ] with a ¼ 0:3754 and c ¼ 0:3676 nm at 15 K, and transforms to [c] at 220 K. We can find no appreciable anomaly in the temperature dependence of the magnetic susceptibility curve for the -Mn 1Àx Cu x alloys around x ¼ 0:24. So, we cannot determine the Néel temperature. The -Mn 1Àx Cu x alloy with x ¼ 0:26 also shows [t 1 ] only at low temperatures, and transforms to [c] at 175 K. On the other hand, the -Mn 1Àx Cu x alloy with x ¼ 0:28 shows [c] with a ¼ 0:3735 nm at 15 K.
The -Mn 1Àx Zn x alloy with x ¼ 0. 24 also shows [t 1 ] with a ¼ 0:3827 and c ¼ 0:3650 nm at 15 K, and transformed from [t 1 ] to [c] at T t (¼ 225 K). For the -Mn 1Àx Zn x alloy with x 0:28, we also observed an anomaly around T t in the magnetic susceptibility versus temperature T curve. This implies that the Néel temperature T N is nearly equal to T t in these alloys. The 
[c] . These phase diagrams differ significantly from these for the -(Mn 1Àx Fe x ) 0:95 Cu 0:05 alloy system as shown in Fig. 5 and some -Mn alloy systems. 7, 10, [13] [14] [15] [16] [17] 
Conclusions
We found that the -(Mn 1Àx Fe x ) 0:95 Cu 0:05 alloy with x ¼ 0:26, which has an orthorhombic structure a ¼ 0:3681, b ¼ 0:3655 and c ¼ 0:3622 nm at 15 K and a non-collinear antiferromagnetic state with a ¼ 0 and b = c ¼ 0:62 at 10 K, and the -(Mn 1Àx Fe x ) 0:95 Pt 0:05 alloy with x ¼ 0:13 also has an orthorhombic structure with a ¼ 0:3745, b ¼ 0:3714 and c ¼ 0:3649 nm and a non-collinear antiferromagnetic structure with a ¼ 0, b ¼ 1:03 and c ¼ 1:94 b /(Mn or Fe) atom at 10 K. We also determined phase diagrams for the -(Mn 1Àx Fe x ) 0:95 Cu 0:05 , -MnCu and -MnZn alloy systems. The phase diagram and magnetic structure of the -(Mn 1Àx Fe x ) 0:95 Cu 0:05 alloy system is very similar to our recent results for some -Mn alloy systems and are consistent with the theory proposed by Jo and Hirai except for a ¼ 0.
However, it should be pointed out that the phase diagrams for both the -MnCu and -MnZn alloy systems lack an orthorhombic structure and a tetragonal structure with c=a > 1, and are very different from the phase diagrams for other -Mn alloy systems. 
